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EVAst Wii. An audio/visual system (e.g., Such as an entertainment con 
s s s sole or other computing device) plays a base audio track, Such 

Andrew John Fuller, Redmond, as a portion of a pre-recorded song or notes from one or more 
WA (US); Jeffrey Neil Margolis, instruments. Using a depth camera or other sensor, the system 
Seattle, WA (US) automatically detects that a user (or a portion of the user) 

enters a first collision volume of a plurality of collision vol 
umes. Each collision volume of the plurality of collision 

(73) Assignee: MICROSOFT CORPORATION, Volumes is associated with a different audio stem. In one 
Redmond, WA (US) example, an audio stem is a Sound from a Subset of instru 

ments playing a song, a portion of a Vocal track for a song, or 
notes from one or more instruments. In response to automati 

(21) Appl. No.: 12/978,799 cally detecting that the user (or a portion of the user) entered 
the first collision Volume, the appropriate audio stem associ 
ated with the first collision volume is added to the base audio 
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Capture Device 20 

Computing System 12 

recognizer 
engine 

depth image 
gender proCeSSing 

recognizer and Skeleton 
tracking 

  



Patent Application Publication Jun. 28, 2012 Sheet 1 of 10 US 2012/O165964 A1 

  



US 2012/O165964 A1 Jun. 28, 2012 Sheet 2 of 10 Patent Application Publication 

- -, 

Z ?un61– 

92 

  



Patent Application Publication Jun. 28, 2012 Sheet 3 of 10 US 2012/O165964 A1 

Figure 3 

j0 

j2 j1 j5 

j3 
j6 

j4 j8 j12 j7 

j9 

j10 j13 

j11 j14 



Patent Application Publication Jun. 28, 2012 Sheet 4 of 10 US 2012/O165964 A1 

Figure 4 

MULTIMEDIA CONSOLE 100 

VIDEO 
ENCODER/ 

VIDEO CODEC 
LEVEL 1 CACHE LEVEL 2 CACHE GRAPHICS 114 

1 O2 104. PROCESSING 
UNIT 

ROM 108 

106 

CENTRAL PROCESSING UNIT 101 

SYSTEM POWER MEMORY 
SUPPLY MODULE CONTROLLER 

136 110 

SYSTEM 
MANAGEMENT 

CONTROLLER CONTROLLER 
120 122 

USB FRONT PANEL 
CONTROLLER I/O CONTROLLER 

126 SUBASSEMBLY 128 
130 

C CONTROLLER WIRELESS 
ONTROLLER ADAPTER 

142(1). 142(2) 148 

  



US 2012/O165964 A1 Jun. 28, 2012 Sheet 5 of 10 Patent Application Publication 

xl.10.AA13 

90% suubuffoua 
09Z (INVRI) 

zrzuoliuoIN ); 

————[1,15) El??? 
| 

l – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – –|] 

  

  

  

  

    

  

  

  

  

  

  



Patent Application Publication Jun. 28, 2012 Sheet 6 of 10 US 2012/O165964 A1 

290 
Authoring 
System Authoring 

System 

Figure 6 

10 10 
Entertainment Entertainment 

System System 

Figure 8 
Application 52 

scripts 352 

application logic 350 
Authoring System 290 

GUI TOOLS 302 Gesture input 340 || Audio Analysis 342 

3D Script Builder 304 

Master Visual Effects Engine 
32O 

  

  



Patent Application Publication Jun. 28, 2012 Sheet 7 of 10 US 2012/O165964 A1 

Figure 9 
4.08 

412 
410 

404 
402 

400 

406 



Patent Application Publication Jun. 28, 2012 Sheet 8 of 10 US 2012/O165964 A1 

Figure 10 

422 

426 

428 

toggle? 
Stem Start trigger up/down left/right 

SE, 

SE, 

SEN 

  



Patent Application Publication Jun. 28, 2012 Sheet 9 of 10 

provide Content 

define avatar(s) 

define time for Unit 

add background 

add base track for ZOne 

add COntent and 
instructions for each 

Collision Volume 

466 

O 468 

O 

automatically create script 

provide Scrip to users 

450 

452 

454 

456 

458 

460 

462 

464 

470 

472 

US 2012/O165964 A1 

Figure 11 

  

  

  

  

  

  

  

  



Patent Application Publication Jun. 28, 2012 Sheet 10 of 10 US 2012/O165964 A1 

502 Figure 12 
Start next unit 

determine Zone and Start 
base track 

play stems that start on 

implement and display 
background 

track user location and 
movement 

display avatar for user 

510 

516 

O 

end COntent, record, 
and distribute 

518 

O 
520 

enter Collision Volume? 

yeS 522 
trigger toggle 

toggle/trigger? 

toggle on/off stem 

Collision volume and ZOne Volume and ZOne at note 
at note boundary boundary 

524 

Ore-define motio 
in Volume? 

530 
implement action 

  

    

  

  

  

  

  

    

  



US 2012/01 65964 A1 

INTERACTIVE CONTENT CREATION 

BACKGROUND 

0001 For most people, music is mostly a consumption art 
form. The creation of music is really off limits except to the 
select few with the natural talent, creativity, education and 
tools associated with music creation. This makes music one 
of the least approachable art forms. 
0002 To make music creation more widespread and/or 
easier to accomplish, software has been developed to allow 
users to make music without playing instruments. Instead, a 
user will operate a user interface of a computer to generate the 
Sounds of various instruments. However, some prior art music 
creation Software is difficult to use. In some cases, even if a 
person knows how to use the software, it is difficult to create 
music that is enjoyable to listen to. 

SUMMARY 

0003. An audio/visual system (e.g., such as an entertain 
ment console) enables users to create music using movement, 
without requiring any knowledge of how to write music. The 
system plays a base track, Such as a portion of a pre-recorded 
Song or notes from one or more instruments. Using a depth 
camera or other sensor, the system automatically detects 
movement of a user or multiple users and creates new music 
by altering the music being played based on the detected 
movement. For example, detection of a location of the user 
can cause a particular base audio track to start playing and 
detection of the user (or a part of the user's body) moving into 
or within a collision Volume can trigger the addition or Sub 
traction of additional audio samples as well as various audio 
effects. The technology described herein can also be applied 
to other forms of content. 
0004 One embodiment includes playing audio content, 
automatically tracking movement of a user including auto 
matically detecting predefined motion of the user, and auto 
matically changing the audio content being played in 
response. In one example implementation, the audio content 
being played is automatically adjusted in response to the 
portion of the user entering a first collision volume. In other 
examples, the predefined motion of the user includes one or 
more gestures, motion of a center of mass (or other portion) of 
an object, movement of a limb, etc. 
0005 One embodiment includes an apparatus that creates 
audio content comprising a depth camera, a display interface, 
an audio interface and a processor in communication with the 
depth camera, display interface and audio interface. The pro 
cessor plays a first base audio track. The processor is pro 
grammed to automatically detect first predefined movement 
of a user from a plurality of predefined movements based on 
data from the depth camera. Each predefined movement is 
associated with a different audio stem. The processor adds a 
first audio stem to the base track (and synchronized to the base 
track) in response to detecting that the user performed the first 
predefined movement. The first audio stem corresponds to the 
first predefined movement. 
0006. One embodiment includes one or more processor 
readable storage devices storing processor readable code 
thereon. The processor readable code is for programming one 
or more processors to perform a method that comprises defin 
ing one or more base tracks for a plurality of movement Zones, 
identifying audio stems for a set of collision Volumes for each 
Zone and creating code based on the defined one or more base 
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tracks for the plurality of movement Zones and the indentified 
audio stems. The created code is capable of configuring a 
computing device to play the one or base tracks depending on 
which Zone a user is positioned within. The created code is 
also capable of configuring the computing device to add or 
Subtract audio stems based on the user intersecting or other 
wise interacting with corresponding collision Volumes. 
0007. This Summary is provided to introduce a selection 
of concepts in a simplified form that are further described 
below in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed Subject matter, nor is it intended to be used as an aid 
in determining the scope of the claimed Subject matter. Fur 
thermore, the claimed subject matter is not limited to imple 
mentations that solve any or all disadvantages noted in any 
part of this disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 illustrates an example embodiment of an 
Entertainment System. 
0009 FIG. 2 is a block diagram depicting portions of an 
Entertainment System. 
0010 FIG. 3 depicts an example of a skeleton being 
tracked. 
0011 FIG. 4 illustrates an example embodiment of a com 
puting System. 
0012 FIG. 5 illustrates another example embodiment of a 
computing System. 
0013 FIG. 6 is a block diagram of various components 
used to implement the technology described herein. 
0014 FIG. 7 is a block diagram of software components 
on an authoring system. 
0015 FIG. 8 is a block diagram of software components 
on an Entertainment System. 
0016 FIG. 9 graphically depicts example collision vol 
U.S. 

0017 FIG. 10 depicts a user interface for an authoring 
system. 
0018 FIG. 11 is a flow chart describing one embodiment 
of a process for authoring an interactive content generation 
experience. 
0019 FIG. 12 is a flow chart describing one embodiment 
of a process for performing an interactive content generation 
experience. 

DETAILED DESCRIPTION 

0020. An audio/visual system is described herein that 
enables users to create music (or other content) using move 
ment. For example, the audio/visual system can play audio (or 
other type of) content and automatically track movement of a 
user (or multiple users) in the proximity of the audio/visual 
system while playing the audio (or other type of) content. 
Using one or more sensors (e.g., a depth camera and/or visual 
camera), the system can automatically detect that a portion of 
the user enters a collision volume, is performing a predefined 
movement within the collision Volume, or is performing 
another predefined movement. The audio (or other type of) 
content being played is then automatically changed in 
response to detecting the user(s) entering the collision Zone, 
performing a predefined movement within the collision vol 
ume and/or performing another predefined movement (of a 
set of a plurality of predefined movements). The changing of 
the content being played creates new content. 
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0021. In one example implementation, the proximity of 
the audio/visual system is divided into Zones. Each Zone can 
be associated with a base audio track. The system will auto 
matically detect which Zone a user is positioned in, and play 
the associated base track in response thereto. Various audio 
stems and audio effects can be added and/or subtracted based 
on detection of the user entering or performing a predefined 
movement within the collision volume. In some embodi 
ments, base video (or other visual content) associated with the 
Zone is altered based on detection of the user entering and/or 
performing a predefined movement within the collision vol 
le. 

0022. In other embodiments, rather than detecting the user 
entering a collision Volume, the system can use predefined 
gestures (i.e. hold one or two arms over the head to initiate an 
audio track), or use something more abstract like tracking 
center of mass and making musical decisions based off of 
that, Gestures can also include distorting the sound, as well as 
creating specific notes. Other gestures could include trigger 
ing a loop (for example a gesture causes the last two bars to 
repeat) Another implementation allows the user to use move 
ment more as an instrument. For example, the system might 
associate arm movement to the C scale of a piano Sound so as 
the user Swipes an arm from left to right they are generating a 
C scale in a piano Sound. The user can move an arm in 
different movements to generate more complicated melodies. 
In another example, gestures or movement can be used to 
create percussion sounds, such as stamping a foot to create a 
bass drum rhythm, tapping in the air for hi-hat, and so forth. 
This type of instrument control could be used on it's own or 
layered on top of the audio stem solution described herein. 
0023 The systems can also include a musical visualizer, 
where visuals are simultaneously generated by both the 
movements of the user and/or analysis of the music itself. 
0024. The audio/visual system that provides the interac 

tive, movement based music (or other content) generation 
experience can be a desktop computer, portable computer, 
Entertainment System, set top box, or other computing 
device. For example purposes, FIG. 1 depicts one embodi 
ment of an Entertainment System 10 that can be used to 
generate music or other content based on the technology 
described herein. Entertainment system 10 includes comput 
ing system 12, which may be a computer, a gaming system or 
console, or the like. According to one example embodiment, 
computing system 12 may include hardware components 
and/or software components such that computing system 12 
may be used to execute applications such as gaming applica 
tions, non-gaming applications, or the like. In one embodi 
ment, computing system 12 may include a processor Such as 
a standardized processor, a specialized processor, a micro 
processor, or the like that may execute instructions stored on 
a processor readable storage device for performing the pro 
cesses described herein. Entertainment system 10 also 
include a capture device 20, which may be, for example, a 
camera that can visually monitor one or more users such that 
gestures and/or movements performed by the one or more 
users may be captured, analyzed, and tracked to perform one 
or more controls or actions within an application and/or ani 
mate an avatar or other on-screen character. Additionally, as 
described below, capture device 20 may be used with com 
puting system 12 to automatically determine ifa user is in one 
of Zones Z0, Z1, Z2, Z3 or Z4 in order to customize interac 
tion with the user. 
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0025. According to one embodiment, computing system 
12 may be connected to an audio/visual output device 16 such 
as a television, a monitor, a high-definition television 
(HDTV), or the like that may provide television, movie, 
Video, game or application visuals and/or audio to a user. For 
example, computing system 12 may include a video adapter 
Such as a graphics card and/or an audio adapter Such as a 
Sound card that may provide audio/visual signals associated 
with the game application, non-game application, or the like. 
Audio/visual output device 16 may receive the audio/visual 
signals from computing system 12 and may then output the 
television, movie, video, game or application visuals and/or 
audio to the user. According to one embodiment, audio/visual 
device output device 16 may be connected to the computing 
system 12 via, for example, an S-Video cable, a coaxial cable, 
an HDMI cable, a DVI cable, a VGA cable, component video 
cable, or the like. For purposes of this document, the term 
audio/visual means audio only, visual only or audio in com 
bination with visual. 

0026 FIG. 2 illustrates an example embodiment of the 
capture device 20 and computing system 12. According to the 
example embodiment, the capture device 20 may be config 
ured to capture video with depth information including a 
depth image that may include depth values via any Suitable 
technique including, for example, time-of-flight, structured 
light, Stereo image, or the like. According to one embodiment, 
the capture device 20 may organize the depth information into 
“Z layers.” or layers that may be perpendicular to a Z axis 
extending from the depth camera along its line of sight. 
0027. As shown in FIG. 2, the capture device 20 may 
include a camera component 23. According to an example 
embodiment, the camera component 23 may be a depth cam 
era that may capture a depth image of a scene. The depth 
image may include a two-dimensional (2-D) pixel area of the 
captured scene where each pixel in the 2-D pixel area may 
represent a depth value Such as a distance in, for example, 
centimeters, millimeters, or the like of an object in the cap 
tured scene from the camera. 

0028. As shown in FIG. 2, according to an example 
embodiment, the image camera component 23 may include 
an infra-red (IR) light component 25, a three-dimensional 
(3-D) camera 26, and an RGB (visual image) camera 28 that 
may be used to capture the depth image of a scene. For 
example, intime-of-flight analysis, the IR light component 25 
of the capture device 20 may emit an infrared light onto the 
scene and may then use sensors (not shown) to detect the 
backscattered light from the Surface of one or more targets 
and objects in the scene using, for example, the 3-D camera 
26 and/or the RGB camera 28. In some embodiments, pulsed 
infrared light may be used such that the time between an 
outgoing light pulse and a corresponding incoming light 
pulse may be measured and used to determine a physical 
distance from the capture device 20 to a particular location on 
the targets or objects in the scene. Additionally, in other 
example embodiments, the phase of the outgoing light wave 
may be compared to the phase of the incoming light wave to 
determine a phase shift. The phase shift may then be used to 
determine a physical distance from the capture device to a 
particular location on the targets or objects. 
0029. According to another example embodiment, time 
of-flight analysis may be used to indirectly determine a physi 
cal distance from the capture device 20 to a particular location 
on the targets or objects by analyzing the intensity of the 
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reflected beam of light over time via various techniques 
including, for example, shuttered light pulse imaging. 
0030. In another example embodiment, the capture device 
20 may use a structured light to capture depth information. In 
Such an analysis, patterned light (i.e., light displayed as a 
known pattern Such as grid pattern, a stripe pattern, or differ 
ent pattern) may be projected onto the scene via, for example, 
the IR light component 24. Upon striking the Surface of one or 
more targets or objects in the scene, the pattern may become 
deformed in response. Such a deformation of the pattern may 
be captured by, for example, the 3-D camera 26 and/or the 
RGB camera 28 (and/or other sensor) and may then be ana 
lyzed to determine a physical distance from the capture 
device to a particular location on the targets or objects. In 
Some implementations, the IR Light component 25 is dis 
placed from the cameras 25 and 26 so triangulation can be 
used to determined distance from cameras 25 and 26. In some 
implementations, the capture device 20 will include a dedi 
cated IR sensor to sense the IR light, or a sensor with an IR 
filter. 
0031. According to another embodiment, the capture 
device 20 may include two or more physically separated 
cameras that may view a scene from different angles to obtain 
visual stereo data that may be resolved to generate depth 
information. Other types of depth image sensors can also be 
used to create a depth image. 
0032. The capture device 20 may further include a micro 
phone 30. The microphone 30 may include a transducer or 
sensor that may receive and convert sound into an electrical 
signal. According to one embodiment, the microphone 30 
may be used to reduce feedback between the capture device 
20 and the computing system 12 in the target recognition, 
analysis, and tracking system 10. Additionally, the micro 
phone 30 may be used to receive audio signals that may also 
be provided to computing system 12. 
0033. In an example embodiment, the capture device 20 
may further include a processor 32 that may be in communi 
cation with the image camera component 22. The processor 
32 may include a standardized processor, a specialized pro 
cessor, a microprocessor, or the like that may execute instruc 
tions including, for example, instructions for receiving a 
depth image, generating the appropriate data format (e.g., 
frame) and transmitting the data to computing system 12. 
0034. The capture device 20 may further include a 
memory component 34 that may store the instructions that are 
executed by processor 32, images or frames of images cap 
tured by the 3-D camera and/or RGB camera, or any other 
Suitable information, images, or the like. According to an 
example embodiment, the memory component 34 may 
include random access memory (RAM), read only memory 
(ROM), cache, flash memory, a hard disk, or any other suit 
able storage component. As shown in FIG. 2, in one embodi 
ment, memory component 34 may be a separate component in 
communication with the image capture component 22 and the 
processor 32. According to another embodiment, the memory 
component 34 may be integrated into processor 32 and/or the 
image capture component 22. 
0035. As shown in FIG. 2, capture device 20 may be in 
communication with the computing system 12 via a commu 
nication link36. The communication link 36 may be a wired 
connection including, for example, a USB connection, a 
Firewire connection, an Ethernet cable connection, or the like 
and/or a wireless connection Such as a wireless 802.11b, g, a. 
or n connection. According to one embodiment, the comput 
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ing system 12 may provide a clock to the capture device 20 
that may be used to determine when to capture, for example, 
a scene via the communication link 36. Additionally, the 
capture device 20 provides the depth information and visual 
(e.g., RGB) images captured by, for example, the 3-D camera 
26 and/or the RGB camera 28 to the computing system 12 via 
the communication link 36. In one embodiment, the depth 
images and visual images are transmitted at 30 frames per 
second. The computing system 12 may then use the model, 
depth information, and captured images to, for example, con 
trol an application Such as a content generation system. 
0036 Computing system 12 includes depth image pro 
cessing and skeletal tracking module 50, which uses the depth 
images to track one or more persons detectable by the depth 
camera. Depth image processing and skeletal tracking mod 
ule 50 is software that provides the tracking information to 
application 52, which can be a video game, productivity 
application, communications application or other Software 
application etc. The audio data and visual image data is also 
provided to application 52 and depth image processing and 
skeletal tracking module 50. Application 52 provides the 
tracking information, audio data and visual image data to 
recognizer engine 54. In another embodiment, recognizer 
engine 54 receives the tracking information directly from 
depth image processing and skeletal tracking module 50 and 
receives the audio data and visual image data directly from 
capture device 20. 
0037 Recognizer engine 54 is associated with a collection 
of filters 60, 62, 64, . . . , 66 each comprising information 
concerning a gesture, action or condition that may be per 
formed by any person or object detectable by capture device 
20. For example, the data from capture device 20 may be 
processed by filters 60, 62, 64, ... , 66 to identify when a user 
or group of users has performed one or more gestures or other 
actions. Those gestures may be associated with various con 
trols, objects or conditions of application 52. Thus, the com 
puting environment 12 may use the recognizer engine 54. 
with the filters, to interpret movements. 
0038 Capture device 20 of FIG. 2 provides RGB images 
(or visual images in other formats or color spaces) and depth 
images to computing system 12. The depth image may be a 
plurality of observed pixels where each observed pixel has an 
observed depth value. For example, the depth image may 
include a two-dimensional (2-D) pixel area of the captured 
scene where each pixel in the 2-D pixel area may have a depth 
value Such as distance of an object in the captured scene from 
the capture device. 
0039. The system will use the RGB images and depth 
images to track a user's movements. For example, the system 
will track a skeleton of a person using the depth images. There 
are many methods that can be used to track the skeleton of a 
person using depth images. One Suitable example of tracking 
a skeleton using depth image is provided in U.S. patent appli 
cation Ser. No. 12/603,437, “PoseTracking Pipeline' filed on 
Oct. 21, 2009, Craig, et al. (hereinafter referred to as the 437 
Application), incorporated herein by reference in its entirety. 
The process of the 437 Application includes acquiring a 
depth image, down sampling the data, removing and/or 
Smoothing high variance noisy data, identifying and remov 
ing the background, and assigning each of the foreground 
pixels to different parts of the body. Based on those steps, the 
system will fit a model to the data and create a skeleton. The 
skeleton will include a set of joints and connections between 
the joints. FIG. 3 shows an example skeleton with 15 joints 
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(0,1,2,3, j4, 5, j6, 7, 8, j9, 10, 11, 12, 13, and 14). 
Each of the joints represents a place in the skeleton where the 
skeleton can pivot in the x, y, Z directions or a place of interest 
on the body. Other methods for tracking can also be used. 
Suitable tracking technology is also disclosed in the follow 
ing four U.S. patent applications, all of which are incorpo 
rated herein by reference in their entirety: U.S. patent appli 
cation Ser. No. 12/475,308, “Device for Identifying and 
Tracking Multiple Humans Over Time.” filed on May 29, 
2009; U.S. patent application Ser. No. 12/696,282, “Visual 
Based Identity Tracking, filed on Jan. 29, 2010; U.S. patent 
application Ser. No. 12/641,788, “Motion Detection Using 
Depth Images, filed on Dec. 18, 2009; and U.S. patent appli 
cation Ser. No. 12/575,388, “Human Tracking System.” filed 
on Oct. 7, 2009. 
0040. Recognizer engine 54 (of computing system 12 
depicted in FIG. 2) includes multiple filters 60, 62,64,..., 66 
to determine a gesture or action. A filter comprises informa 
tion defining a gesture, action or condition along with param 
eters, or metadata, for that gesture, action or condition. For 
instance, moving an arm up and down may be implemented as 
a gesture comprising information representing the movement 
of one of the arms of the user in the vertical direction, as that 
movement would be captured by the depth camera. Param 
eters may then be set for that gesture. Where the gesture is a 
an up/down movement of an arm, a parameter may be a 
threshold velocity that the arm has to reach, a distance the arm 
must travel (either absolute, or relative to the size of the user 
as a whole), and a confidence rating by the recognizer engine 
that the gesture occurred. These parameters for the gesture 
may vary between applications, between contexts of a single 
application, or within one context of one application over 
time. 

0041 Filters may be modular or interchangeable. In one 
embodiment, a filter has a number of inputs (each of those 
inputs having a type) and a number of outputs (each of those 
outputs having a type). A first filter may be replaced with a 
second filter that has the same number and types of inputs and 
outputs as the first filter without altering any other aspect of 
the recognizer engine architecture. For instance, there may be 
a first filter for driving that takes as input skeletal data and 
outputs a confidence that the gesture associated with the filter 
is occurring and an angle of steering. Where one wishes to 
substitute this first driving filter with a second driving filter— 
perhaps because the second driving filter is more efficient and 
requires fewer processing resources—one may do so by sim 
ply replacing the first filter with the second filter so long as the 
second filter has those same inputs and outputs—one input of 
skeletal data type, and two outputs of confidence type and 
angle type. 
0042. A filter need not have a parameter. For instance, a 
“user height filter that returns the user's height may not allow 
for any parameters that may be tuned. An alternate “user 
height' filter may have tunable parameters—such as to 
whether to account for a user's footwear, hairstyle, headwear 
and posture in determining the user's height. 
0043. Inputs to a filter may comprise things such as joint 
data about a user's joint position, angles formed by the bones 
that meet at the joint, RGB color data from the scene, and the 
rate of change of an aspect of the user. Outputs from a filter 
may comprise things Such as the confidence that a given 
gesture is being made, the speed at which a gesture motion is 
made, and a time at which a gesture motion is made. 
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0044 Recognizer engine 54 may have a base recognizer 
engine that provides functionality to the filters. In one 
embodiment, the functionality that the recognizer engine 54 
implements includes an input-over-time archive that tracks 
recognized gestures and other input, a Hidden Markov Model 
implementation (where the modeled system is assumed to be 
a Markov process—one where a present state encapsulates 
any past state information necessary to determine a future 
state, so no other past state information must be maintained 
for this purpose—with unknown parameters, and hidden 
parameters are determined from the observable data), as well 
as other functionality required to solve particular instances of 
gesture recognition. 
0045 Filters 60, 62, 64. . . . , 66 are loaded and imple 
mented on top of the recognizer engine 54 and can utilize 
services provided by recognizer engine 54 to all filters 60, 62. 
64,..., 66. In one embodiment, recognizer engine 54 receives 
data to determine whether it meets the requirements of any 
filter 60, 62, 64. . . . , 66. Since these provided services, such 
as parsing the input, are provided once by recognizer engine 
54 rather than by each filter 60, 62, 64, ... , 66, such a service 
need only be processed once in a period of time as opposed to 
once per filter for that period, so the processing required to 
determine gestures is reduced. 
0046. Application 52 may use the filters 60, 62. 64,..., 66 
provided with the recognizer engine 54, or it may provide its 
own filter, which plugs in to recognizer engine 54. In one 
embodiment, all filters have a common interface to enable this 
plug-in characteristic. Further, all filters may utilize param 
eters, so a single gesture tool below may be used to debug and 
tune the entire filter system. 
0047 More information about recognizer engine 54 can 
be found in U.S. patent application Ser. No. 12/422,661. 
“Gesture Recognizer System Architecture.” filed on Apr. 13, 
2009, incorporated herein by reference in its entirety. More 
information about recognizing gestures can be found in U.S. 
patent application Ser. No. 12/391,150, "Standard Gestures.” 
filed on Feb. 23, 2009; and U.S. patent application Ser. No. 
12/474,655, “Gesture Tool” filed on May 29, 2009. both of 
which are incorporated herein by reference in their entirety. 
0048 FIG. 4 illustrates an example embodiment of a com 
puting system that may be used to implement computing 
system 12 shown in FIGS. 1 and 2 used to track motion and/or 
animate (or otherwise update) an avatar or other on-screen 
object displayed by an application. The computing system 
Such as the computing system 12 described above with 
respect to FIGS. 1-2 may be a multimedia console 100, such 
as a gaming console. As shown in FIG. 4, the multimedia 
console 100 has a central processing unit (CPU) 101 having a 
level 1 cache 102, a level 2 cache 104, and a flash ROM (Read 
Only Memory) 106. The level 1 cache 102 and a level 2 cache 
104 temporarily store data and hence reduce the number of 
memory access cycles, thereby improving processing speed 
and throughput. The CPU 101 may be provided having more 
than one core, and thus, additional level 1 and level 2 caches 
102 and 104. The flash ROM 106 may store executable code 
that is loaded during an initial phase of a boot process when 
the multimedia console 100 is powered on. 
0049. A graphics processing unit (GPU) 108 and a video 
encoder/video codec (coder/decoder) 114 form a video pro 
cessing pipeline for high speed and high resolution graphics 
processing. Data is carried from the graphics processing unit 
108 to the video encoder/video codec 114 via abus. The video 
processing pipeline outputs data to an A/V (audio/video) port 
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140 for transmission to a television or other display. A 
memory controller 110 is connected to the GPU 108 to facili 
tate processor access to various types of memory 112. Such as, 
but not limited to, a RAM (Random Access Memory). 
0050. The multimedia console 100 includes an I/O con 

troller 120, a system management controller 122, an audio 
processing unit 123, a network interface controller 124, a first 
USB host controller 126, a second USB controller 128 and a 
front panel I/O subassembly 130 that are preferably imple 
mented on module 118. The USB controllers 126 and 128 
serve as hosts for peripheral controllers 142(1)-142(2), a 
wireless adapter 148, and an external memory device 146 
(e.g., flash memory, external CD/DVD ROM drive, remov 
able media, etc.). The network interface and/or wireless 
adapter 148 provide access to a network (e.g., the Internet, 
home network, etc.) and may be any of a wide variety of 
various wired or wireless adapter components including an 
Ethernet card, a modem, a Bluetooth module, a cable modem, 
and the like. 
0051 System memory 143 is provided to store application 
data that is loaded during the boot process. A media drive 144 
is provided and may comprise a DVD/CD drive, Blu-Ray 
drive, hard disk drive, or other removable media drive, etc. 
The media drive 144 may be internal or external to the mul 
timedia console 100. Application data may be accessed via 
the media drive 144 for execution, playback, etc. by the mul 
timedia console 100. The media drive 144 is connected to the 
I/O controller 120 via abus, such as a Serial ATA bus or other 
high speed connection (e.g., IEEE 1394). 
0052. The system management controller 122 provides a 
variety of service functions related to assuring availability of 
the multimedia console 100. The audio processing unit 123 
and an audio codec 132 form a corresponding audio process 
ing pipeline with high fidelity and stereo processing. Audio 
data is carried between the audio processing unit 123 and the 
audio codec 132 via a communication link. The audio pro 
cessing pipeline outputs data to the A/V port 140 for repro 
duction by an external audio user or device having audio 
capabilities. 
0053. The front panel I/O subassembly 130 supports the 
functionality of the power button 150 and the eject button 
152, as well as any LEDs (light emitting diodes) or other 
indicators exposed on the outer Surface of the multimedia 
console 100. A system power supply module 136 provides 
power to the components of the multimedia console 100. A 
fan 138 cools the circuitry within the multimedia console 100. 
0054) The CPU 101, GPU 108, memory controller 110, 
and various other components within the multimedia console 
100 are interconnected via one or more buses, including serial 
and parallel buses, a memory bus, a peripheral bus, and a 
processor or local bus using any of a variety of bus architec 
tures. By way of example, such architectures can include a 
Peripheral Component Interconnects (PCI) bus, PCI-Express 
bus, etc. 
0055 When the multimedia console 100 is powered on, 
application data may be loaded from the system memory 143 
into memory 112 and/or caches 102,104 and executed on the 
CPU 101. The application may present a graphical user inter 
face that provides a consistent user experience when navigat 
ing to different media types available on the multimedia con 
sole 100. In operation, applications and/or other media 
contained within the media drive 144 may be launched or 
played from the media drive 144 to provide additional func 
tionalities to the multimedia console 100. 
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0056. The multimedia console 100 may be operated as a 
standalone system by simply connecting the system to a tele 
vision or other display. In this standalone mode, the multime 
dia console 100 allows one or more users to interact with the 
system, watch movies, or listen to music. However, with the 
integration of broadband connectivity made available 
through the network interface 124 or the wireless adapter 148, 
the multimedia console 100 may further be operated as a 
participant in a larger network community. 
0057. When the multimedia console 100 is powered ON, a 
set amount of hardware resources are reserved for system use 
by the multimedia console operating system. These resources 
may include a reservation of memory (e.g., 16 MB), CPU and 
GPU cycles (e.g., 5%), networking bandwidth (e.g., 8 kbs), 
etc. Because these resources are reserved at System boot time, 
the reserved resources do not exist from the application's 
V1eW. 

0058. In particular, the memory reservation preferably is 
large enough to contain the launch kernel, concurrent system 
applications and drivers. The CPU reservation is preferably 
constant such that if the reserved CPU usage is not used by the 
system applications, an idle thread will consume any unused 
cycles. 
0059. With regard to the GPU reservation, lightweight 
messages generated by the system applications (e.g., pop ups) 
are displayed by using a GPU interrupt to schedule code to 
render popup into an overlay. The amount of memory 
required for an overlay depends on the overlay area size and 
the overlay preferably scales with screen resolution. Where a 
full user interface is used by the concurrent system applica 
tion, it is preferable to use a resolution independent of appli 
cation resolution. A scaler may be used to set this resolution 
Such that the need to change frequency and cause a TV 
resynch is eliminated. 
0060. After the multimedia console 100 boots and system 
resources are reserved, concurrent system applications 
execute to provide system functionalities. The system func 
tionalities are encapsulated in a set of system applications that 
execute within the reserved system resources described 
above. The operating system kernel identifies threads that are 
system application threads versus gaming application 
threads. The system applications are preferably scheduled to 
run on the CPU 101 at predetermined times and intervals in 
order to provide a consistent system resource view to the 
application. The scheduling is to minimize cache disruption 
for the gaming application running on the console. 
0061. When a concurrent system application requires 
audio, audio processing is scheduled asynchronously to the 
gaming application due to time sensitivity. A multimedia 
console application manager (described below) controls the 
gaming application audio level (e.g., mute, attenuate) when 
system applications are active. 
0062 Input devices (e.g., controllers 142(1) and 142(2)) 
are shared by gaming applications and system applications. 
The input devices are not reserved resources, but are to be 
Switched between system applications and the gaming appli 
cation such that each will have a focus of the device. The 
application manager preferably controls the Switching of 
input stream, without the gaming application's knowledge 
and a driver maintains state information regarding focus 
switches. The cameras 26, 28 and capture device 20 may 
define additional input devices for the console 100 via USB 
controller 126 or other interface. 
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0063 FIG. 5 illustrates another example embodiment of a 
computing system 220 that may be used to implement the 
computing system 12 shown in FIGS. 1-2 used to track 
motion and/or animate (or otherwise update) an avatar or 
other on-screen object displayed by an application. The com 
puting system environment 220 is only one example of a 
Suitable computing system and is not intended to suggest any 
limitation as to the scope of use or functionality of the pres 
ently disclosed subject matter. Neither should the computing 
system 220 be interpreted as having any dependency or 
requirement relating to any one or combination of compo 
nents illustrated in the exemplary operating system 220. In 
Some embodiments the various depicted computing elements 
may include circuitry configured to instantiate specific 
aspects of the present disclosure. For example, the term cir 
cuitry used in the disclosure can include specialized hardware 
components configured to perform function(s) by firmware or 
switches. In other examples embodiments the term circuitry 
can include a general purpose processing unit, memory, etc., 
configured by Software instructions that embody logic oper 
able to perform function(s). In example embodiments where 
circuitry includes a combination of hardware and software, an 
implementer may write source code embodying logic and the 
Source code can be compiled into machine readable code that 
can be processed by the general purpose processing unit. 
Since one skilled in the art can appreciate that the state of the 
art has evolved to a point where there is little difference 
between hardware, software, or a combination of hardware/ 
software, the selection of hardware versus software to effec 
tuate specific functions is a design choice left to an imple 
menter. More specifically, one of skill in the art can appreciate 
that a software process can be transformed into an equivalent 
hardware structure, and a hardware structure can itself be 
transformed into an equivalent Software process. Thus, the 
selection of a hardware implementation versus a Software 
implementation is one of design choice and left to the imple 
menter. 

0064 Computing system 220 comprises a computer 241, 
which typically includes a variety of computer readable 
media. Computer readable media can be any available media 
that can be accessed by computer 241 and includes both 
Volatile and nonvolatile media, removable and non-remov 
able media. The system memory 222 includes computer Stor 
age media in the form of Volatile and/or nonvolatile memory 
such as read only memory (ROM) 223 and random access 
memory (RAM) 260. A basic input/output system 224 
(BIOS), containing the basic routines that help to transfer 
information between elements within computer 241. Such as 
during start-up, is typically stored in ROM 223. RAM 260 
typically contains data and/or program modules that are 
immediately accessible to and/or presently being operated on 
by processing unit 259. By way of example, and not limita 
tion, FIG. 4 illustrates operating system 225, application pro 
grams 226, other program modules 227, and program data 
228. 

0065. The computer 241 may also include other remov 
able/non-removable, Volatile/nonvolatile computer storage 
media. By way of example only, FIG. 5 illustrates a hard disk 
drive 238 that reads from or writes to non-removable, non 
volatile magnetic media, a magnetic disk drive 239 that reads 
from or writes to a removable, nonvolatile magnetic disk 254, 
and an optical disk drive 240 that reads from or writes to a 
removable, nonvolatile optical disk 253 such as a CDROM or 
other optical media. Other removable/non-removable, vola 
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tile/nonvolatile computer storage media that can be used in 
the exemplary operating environment include, but are not 
limited to, magnetic tape cassettes, flash memory cards, digi 
tal versatile disks, digital video tape, solid state RAM, solid 
state ROM, and the like. The hard disk drive 238 is typically 
connected to the system bus 221 through an non-removable 
memory interface Such as interface 234, and magnetic disk 
drive 239 and optical disk drive 240 are typically connected to 
the system bus 221 by a removable memory interface, such as 
interface 235. GPU 229 is connected to system bus 221 by 
graphics interface 231. Video Memory 230 (which is con 
nected to GPU 229) is connected to system bus 221 by video 
interface 232. 

0066. The drives and their associated computer storage 
media discussed above and illustrated in FIG. 5 provide stor 
age of computer readable instructions, data structures, pro 
gram modules and other data for the computer 241. In FIG. 5, 
for example, hard disk drive 238 is illustrated as storing 
operating system 258, application programs 257, other pro 
gram modules 256, and program data 255. Note that these 
components can either be the same as or different from oper 
ating system 225, application programs 226, other program 
modules 227, and program data 228. Operating system 258, 
application programs 257, other program modules 256, and 
program data 255 are given different numbers here to illus 
trate that, at a minimum, they are different copies. A user may 
enter commands and information into the computer 241 
through input devices such as a keyboard 251 and pointing 
device 252, commonly referred to as a mouse, trackball or 
touch pad. Other input devices (not shown) may include a 
microphone, joystick, gamepad, satellite dish, Scanner, or the 
like. These and other input devices are often connected to the 
processing unit 259 through a user input interface 236 that is 
coupled to the system bus, but may be connected by other 
interface and bus structures, such as a parallel port, game port 
or a universal serial bus (USB). The cameras 26, 28 and 
capture device 20 may define additional input devices for the 
console 100 that connect via user input interface 236. A 
monitor 242 or other type of display device is also connected 
to the system bus 221 via an interface, such as a video inter 
face 232. In addition to the monitor, computers may also 
include other peripheral output devices such as speakers 244 
and printer 243, which may be connected through a output 
peripheral interface 233. Capture Device 20 may connect to 
computing system 220 via output peripheral interface 233, 
network interface 237, or other interface. 
0067. The computer 241 may operate in a networked envi 
ronment using logical connections to one or more remote 
computers, such as a remote computer 246. The remote com 
puter 246 may be a personal computer, a server, a router, a 
network PC, a peer device or other common network node, 
and typically includes many or all of the elements described 
above relative to the computer 241, although only a memory 
storage device 247 has been illustrated in FIG. 5. The logical 
connections depicted include a local area network (LAN) 245 
and a wide area network (WAN) 249, but may also include 
other networks. Such networking environments are common 
place in offices, enterprise-wide computer networks, intra 
nets and the Internet. 

0068. When used in a LAN networking environment, the 
computer 241 is connected to the LAN 245 through a network 
interface or adapter 237. When used in a WAN networking 
environment, the computer 241 typically includes a modem 
250 or other means for establishing communications over the 
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WAN 249, such as the Internet. The modem 250, which may 
be internal or external, may be connected to the system bus 
221 via the user input interface 236, or other appropriate 
mechanism. In a networked environment, program modules 
depicted relative to the computer 241, or portions thereof, 
may be stored in the remote memory storage device. By way 
of example, and not limitation, FIG. 5 illustrates application 
programs 248 as residing on memory device 247. It will be 
appreciated that the network connections shown are exem 
plary and other means of establishing a communications link 
between the computers may be used. 
0069. Either of the systems of FIG. 4 or 5, or a different 
computing system, can be used to implement Entertainment 
System 12 of FIG. 2. 
0070 FIG. 6 is a block diagram depicting the various 
components used to implement the technology described 
herein. Other computing systems can also be used. FIG. 6 
shows two Entertainment Systems 10; however, more or less 
than two Entertainment Systems can be used. Entertainment 
Systems 10 can communicate with one or more Authoring 
Systems 290 via the internet or other network. As will be 
explained below, Entertainment Systems 10 provide an inter 
active content generation experience for one or more users. 
Authoring Systems 290 allows one or more artists, producers 
or other entities to create an interactive content generation 
experience. 
0071 FIG. 7 is a block diagram depicting one embodiment 
of software installed on authoring system 290 that can be used 
to create an interactive content generation experience. FIG. 7 
shows authoring system 290 including GUI Tools 302 and 
Script Builder 304. GUI Tools 302 is used to create a graphi 
cal user interface (“GUI) and allows the artist or content 
provider to create/configure an interactive content generation 
experience. The GUI Tools 302 will provide a set of options 
for identifying various units of content, movements and loca 
tions for creating the interactive content generation experi 
ence. Once the author defines the experience, Script Builder 
304 will be used to create code that will configure or other 
wise program Entertainment System 10 to provide the inter 
active content generation experience authored using GUI 
Tools 302. 

0072 FIG. 8 is a block diagram depicting software mod 
ules that reside in Entertainment System 10, as part of Appli 
cation 52 (see FIG. 2). The software depicted in FIG. 8 is 
tiered into four layers (plus one or more scripts 352). The 
bottom layer includes Master Visual Effects Engine 320 and 
Audio Effects Engine 322. Master Visual Effects Engine 320 
is used to create the visual effects that are depicted visually by 
Entertainment System 10. Audio Effects Engine 322 will 
create audio effects, as discussed below. Above Master Visual 
Effects Engine320 are 3D Render Engine 332, Visual Effects 
Engine 334, and Video Mash-up Engine 336. 3D Render 
Engine 332 is used to render three dimensional images. Visual 
Effects Engine 334 creates visual effects for displaying by 
Entertainment System 10. Video Mash-up Engine 336 can be 
used to mash videos if the person interacting with Entertain 
ment System 10 is generating video content. Audio Engine 
334 is used to play, edit and/or otherwise alter various audio 
COntent. 

0073 Gesture Input module 340 receives an indication of 
the gesture or movement of a user and provides that informa 
tion to the other software components. Audio analysis 342 
can be used to identify features of the audio being played in 
order to perform effects, synchronize audio, etc. Application 
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52 also includes application logic 350, which is the main logic 
for controlling the operation of the interactive content gen 
eration experience. Scripts 352 includes one or more scripts 
received from script builder 304 of one or more authoring 
systems 290. The scripts include code (e.g., software instruc 
tions) for configuring and/or programming the particular con 
tent generation experience. Scripts can be downloaded to 
Application 52 via a network, loaded via media (e.g. CD 
ROM, DVD, flash memory drive, etc.), or programmed by the 
user (if the user has access to an authoring system 290 sepa 
rate from or combined with Application 52). 
0074. After an author of an interactive content generation 
experience creates a script and that Script is loaded into the 
Entertainment System 10, the script will be used to configure 
Entertainment System 10 (using the software depicted in FIG. 
8) to play content (e.g. audio content), automatically track 
movement of a user including automatically detecting that a 
user (or a portion of a user) has entered or is otherwise 
interacting in or with a collision Volume, and automatically 
change the content being played in response to detecting that 
the user (or a portion of the user) has entered or is interacting 
in or with the collision volume. The collision volume is a 
three dimensional structure (e.g., cube, cuboid, or other three 
dimensional structure) that is virtually created by Entertain 
ment System 10 next to or near each of the users being 
tracked. The collision volumes cannot be seen in the room 
where the user is standing. In some embodiments, however, 
Entertainment System 10 can display a visual representation 
of the collision volumes on a display device (e.g. audio/visual 
output device 16 of FIG.1). For example, FIG.9 shows a stick 
figure representing user 400 of Entertainment System 10. 
Surrounding user 400 are collision volume 402, 404, 406, 
408, 410, and 412. Collision volume 402 is next to the right 
arm of user 400. Collision volume 400 is located next to the 
left arm of user 400. In other embodiments, additional colli 
sion volumes can be located in front of or behind the arms. 
Alternatively, one or more collision Volumes can Surround 
one or more of the arms. Collision volume 406 is located in 
front of both legs of user 400. In other embodiments, addi 
tional collision volumes can be located behind both legs, or 
one or more collision Volumes can Surround one or more of 
the legs. Collision volume 408 is located above the head of 
user 408. In other embodiments, additional collision volumes 
can be located in front of behind, or to the side of the user's 
head. Collision volume 410 is over the left shoulder of user 
400. Collision volume 412 is over the right shoulder of user 
400. Additional collision volumes can be positioned in front 
of or behind the torso of user 400. Collision volumes can also 
be placed in other locations. When a user is detected to have 
entered a collision Volume (the appropriate part of the user's 
body enters the relevant collision volume), various pieces of 
content can be toggled on, toggled off, started, interrupted, 
etc. In some embodiments, the system can track the move 
ment of the user in a collision Volume such that the system can 
identify predefined movement by a user within a collision 
Volume. This predefined movement can be used to trigger, 
toggle or control one or more effects, as discussed below. 
0075 FIG. 10 provides one example of a graphical user 
interface implemented by GUI Tools 302 of Authoring Sys 
tem 290 so that a person can create an interactive content 
generation experience. For example purposes, the discussion 
of FIG. 10 will assume that the content being generated is 
musical content. However, other content can also be gener 
ated. 
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0076. The graphical user interface of FIG. 10 includes 
multiple interface items for inputting data. The top input item 
depicted is for indicating a unit. In an interactive experience, 
the experience can be divided up into units of time or seg 
ments of interaction. For example, a song can be broke up into 
ten (or other number) of units. The number of units in an 
experience is completely configurable by the author. Thus, an 
author can input into user interface element 420 which unit 
the author is configuring at the specific time. User interface 
item 422 is used to indicate how long the unit should be 
experienced. 
0077. In user interface item 424, the author will indicate 
which Zone is currently being configured by the author. Look 
ing back at FIG. 1, the room in which Entertainment System 
10 is located will be broken up into a set of Zones. FIG. 1 
shows five Zones (Z0, Z1, Z2, Z3 and Z4). In other embodi 
ments, the system can include more or less than five Zones. In 
FIG. 1, the Zones are ovals; however, other shapes can also be 
used. These Zones may not be marked in the actual room. 
However, in one embodiment. Entertainment System 10 may 
display a graphical representation of these Zones on audio/ 
visual output device 16 (see FIG. 1). The system can track 
whether a user is in one of the Zones. In one embodiment, if 
the user is not in a Zone, the user is not participating in the 
content generation process. If the user is in one of the Zones, 
the user can participate in the content generation process. In 
one example implementation, the content generation process 
will be different depending on which Zone the user is in. 
Therefore, the author will configure separate programming 
for each Zone by indicating which Zone is currently being 
configured in user interface item 424 of FIG. 10. 
0078 User interface item 426 is utilized to configure a 
background image and/or a background visual program to use 
with the current unit (or the entire experience). A base track 
for the particular Zone is indicated with user interface item 
428. The base track is content that is played when the system 
automatically determines that the user is in the corresponding 
Zone. If the system has five Zones, there can be five separate 
base tracks, one for each Zone. In other embodiments, more 
than one Zone can share a base track. In the case of audio, a 
base track can be a portion of a song (including a Subset of 
instruments playing that Song), the Vocal track for a song, 
predefined sound or a set of notes from an instrument (or 
multiple instruments) or one or more sounds from a synthe 
sizer. If the base tracks shorter than the time (see 422) for the 
unit, then the base track will be repeated. Note that user 
interface items 420-428 can be drop down menus, textboxes, 
etc. 

0079. After configuring unit, time, Zone, background and 
base track, the author will identify the actions associated with 
each of the collision volumes. The GUI of FIG. 10 shows N 
collision volumes. The technology described herein can be 
used with any suitable number of collision volumes. For each 
collision volume, the author can define (or otherwise add) an 
indication of a stem, a start condition, an indication of 
whether the user's interaction with the collision volume 
should toggle on/off the stem being played as a loop or trigger 
then stem for playing once, an action to be taken with 
up/down motion within the collision Volume and an action to 
be taken with left/right motion within the collision volume. 
For each of the data items input for a collision volume, the 
GUI can provide a drop down menu, text box, or other user 
interface item. 
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0080. An example of a stem for music content can include 
a portion of a song (including a Subset of instruments playing 
that Song), a Vocal track for a song, a predefined sound or set 
of one or more notes from an instrument (or a set of instru 
ments) and/or one or more sounds from a synthesizer. 
I0081. A start condition can include having the stem start 
playing when the base track starts playing. In this start con 
dition, when it is detected that a user has entered the corre 
sponding collision Volume, the stem can be turned off. 
Another start condition can include the stem being dormant 
(not being played) when the user is tracked to enter the Zone 
and the base audio track is played. In this condition, when it 
is determines that the user has entered a collision volume, the 
stem can start playing at that point. 
I0082. The up/down motion and left/right motion are two 
examples of pre-defined motion within a collision Volume. 
For example, if a user is tracked to put the user's arm within 
a collision Volume and move up or down within a collision 
Volume, that moving up or down can be used to cause an effect 
to be performed and/or control that effect. Similarly, if the 
user is tracked to move the user's arm left or right within an 
collision Volume, that motion can be used to cause an effect to 
be performed and/or control that effect. These predefined 
motions can be used with any limb of the user or anybody part 
of the user, in any of the collision Volumes, as configured 
using the GUI of FIG. 10. 
I0083. One example of an action that can be taken when the 
user performs a predefined motion within a collision volume 
(e.g. up/down, left/right, ...) include changing the Volume of 
a stem. For example, if the user moves the user's hand up in a 
collision volume the volume can be increased and if the user 
moves a hand down the volume can be decreased. Similarly, 
if the user moves the hand to the left, the volume can be 
increased and if the user moves the hand to the right the 
volume can be decreased. Other effects that can be performed 
include turning an echo on or off, changing the number of 
echoes heard (e.g. move the hand up causes more echoes, 
move hand down lowers the number of echoes), controlling 
the pass band of a frequency filter for musical content, chang 
ing the beat, changing the tempo, adding/changing reverb 
effect, changing pitch, etc.). 
I0084 FIG. 11 is a flowchart describing one embodiment 
of a process for authoring an interactive content generation 
experience using the GUI of FIG. 10. In step 450, the author 
can provide content, including the various files for the base 
tracks stems and audio effects. In step 452, the author can 
define or provide one or more avatars that will be presented on 
Entertainment System 10. In one embodiment, the avatar will 
perform the same movements as the user. Since the system is 
tracking the user, the system can configure the avatar to copy 
the movements of the user. In step 454, the author will add a 
new unit for the interaction by configuring user interface item 
420. In step 456, the author will define the time duration for 
the unit using user interface item 422. In step 458, the author 
can add a background image or visual system to the experi 
ence for this unit by using user interface item 426. 
I0085. In one embodiment, the background image can be a 
still image. In another embodiment, the background image 
can be video. In another embodiment, the background can be 
a visible system. For example, a visual system can be tied to 
music being played using a frequency analyzer. Brightness 
can be tied to the music, a radio blur effect can be provided 
with focus tied to the beat, posterizing can be performed of the 
user or the user's avatar that changes to the music, etc. Abroad 
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range frequency analyzer can be used to determine how much 
energy is in each of a plurality of frequency bands. Each 
frequency band can be tied to a particular visual effect. In one 
embodiment, a particle system can be implemented. The par 
ticle system can be configured to obey the law of physics (or 
a different set of rules) and be configured to be attracted to or 
repelled by a portion of the user's body or other locations or 
objects in the room. If the particle system is configured to be 
attracted or repelled by the user's hand, for example, as the 
user's hand moves, the particles will move differently thereby 
changing the visual presentation on audio/visual output 
device 16 of Entertainment System 10. 
I0086 Looking back at step 460, the author will define the 
Zone being configured. As discussed with respect to FIG. 1, 
the room may include many Zones. The author will indicate 
which Zone is currently being configured. In step 462, the 
author will indicate which base track will be used for that 
Zone using user interface item 428. In step 464, the author will 
add content instructions for each of the collision volumes for 
the Zone being configured. For example, the author will iden 
tify the stem, the start condition, whether the stem should be 
toggled or triggered, a function to be performed in response to 
up/down motion and function to be performed in response to 
left/right motion, for each collision volume of the Zone. If 
there is another Zone to configure (step 466), the process will 
loop back to step 460 to define the next Zone. When, in step 
466, it is determined that all Zones have been configured for 
the unit under consideration, then it is determined whether 
any more units that need to be configured (step 468). If there 
are more units to configure, the process will loop back to step 
454 to configure the next unit. If all units have been config 
ured, then script builder 304 will automatically create the 
Script (e.g. software code) for the interactive content genera 
tion experience in step 470. The form or format of the script 
generated in step 470 can be any form known in the art 
suitable for the particular implementation. There is no par 
ticular form or structure of a script that needs to be utilized 
herein. 

I0087. The looping of steps 460-466 and steps 454-468 
allow multiple units to be configured and multiple Zones for 
each unit to be configured Such that the content generation 
experience will have multiple units. This way, the author will 
be defining one or more base tracks for a plurality of Zones 
(also referred to as moving Zones), identifying audio stems 
for a set of collision Volumes for each Zone, and creating code 
based on a defined one or more base tracks for the plurality of 
Zones and the identified audio stems for the set of collision 
Volumes for each Zone. That code is capable of configuring a 
computing device (e.g. Entertainment System 10) to play the 
one or more base tracks, depending on the Zone in which the 
user is positioned. The code is also capable of configuring the 
computing device (e.g. Entertainment System 10) to add or 
Subtract audio stems based on the user interacting with the 
corresponding collision Volumes. 
0088 FIG. 12 is a flowchart describing one embodiment 
of a process for using the Script generated from the process of 
FIG. 11 in order to perform content generation. In step 500, a 
user will invoke the script. For example, the script may be part 
of a CD-ROM or DVD which includes the entire Software for 
the interactive experience. Placing the disk into the Entertain 
ment System 10 will cause the software (including the script) 
to run. In other embodiments, the Script can be transmitted to 
the Entertainment System 10 via a network, portable storage 
medium, etc. The user may have multiple scripts to choose 
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from and will choose the appropriate script so that script will 
start running in step 500. In step 502, the next unit is imple 
mented. As discussed above, the interactive experience may 
have multiple units (multiple segments). When the script is 
started, the first unit is loaded. As discussed above, that unit 
will include instructions for each of the Zones and each of the 
collision volumes. In step 504, the system automatically 
determines the Zone the user is positioned in and starts play 
ing the appropriate base track for that Zone. As discussed 
above, the system will use capture device 20 to automatically 
track the user's movements and location and determine which 
Zone the user is in. In step 506, the system will start playing 
those stems that have a start condition that indicates the stems 
initial condition is to start playing. In step 508, the visual 
background (configured in step 458) will be implemented. 
Step 508 can include implementing a background process 
(e.g. a particle system) that will be operated throughout the 
performance of the process of FIG. 12 such that the displayed 
visual content will be changed in response to detecting that 
the portion of the user entered the first collision volume. In 
step 510, the system will continue to track the user's location 
and movement. In one embodiment, the system will track the 
user's location and movement throughout the process of FIG. 
12. In step 512, the avatar for the user will be displayed. In one 
embodiment, the avatar will mimic the movements of the user 
based on the system tracking the movement's of the user. In 
step 514, it is determined whether the time period for the unit 
is over. If the time allotted for the unit is over, then in step 516 
it is determined whether there is another unit to perform. If 
there are no more units to perform, then the interactive expe 
rience has completed (step 518). If there is another unit to 
perform, then the process loops back to step 502 and starts the 
next unit. 

I0089. If, in step 514, it is determined that the unit is not 
over, then the system determines whether the user has entered 
one of the collision volumes in step 520. If not, the system will 
continue to track user location and movement (step 510). 
0090. If it is determined that a user (or a portion of the user 
Such as the user's arms, legs, etc.) have entered one or more of 
the collision volumes, then it is determined whether the stem 
has been configured to be toggled on/off or triggered for one 
time playing in response to a user entering the collision Vol 
ume. If the stem has been configured to toggle on/off, then in 
step 524 the stem will be toggled on if the stem is not currently 
playing. The stem will be toggled off if the stem is currently 
being played. In one embodiment, the stem is toggled on or 
off at a note boundary (e.g. "/4 note boundary, /s note bound 
ary, etc.) in order to keep the stem coordinated with the beat of 
the base audio track. If the stem has been configured to be 
triggered, then in step 526, the stem is started on a note 
boundary (e.g. "/4 note boundary, /s note boundary, etc.) in 
order to keep the stem coordinated with the beat of the base 
audio track. Both steps 524 and 526 are examples of auto 
matically changing the content being played (e.g. base track 
and any stems currently being played) based on the stem 
associated with the collision volume interacted with in the 
current Zone the user is standing in. The of automatically 
changing the content being played results in new content 
being generated. 
0091 After step 524 or step 526, the process continues at 
step 528, during which the system will detect whether the user 
performed any of the predefined motions within the collision 
volume. If the user is not performing any of the predefined 
motions, then the process loops back to step 510 and contin 
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ues to track the user. If the user is performing one of the 
predefined motions, then the action associated with the pre 
defined motion will be performed in step 530. For example, if 
the user is performing an up or down motion, the appropriate 
function will be performed, as configured using the GUI of 
FIG. 10. Similarly, if the user is performing a left or right 
motion, the appropriate function will be performed. Other 
predefined actions can also be utilized. In one alternative, the 
test of 528 and function carried out in step 530 can be per 
formed at any time during the process of FIG. 12. After 
performing the action of step 530, the process loops back to 
step 510. 
0092. In the above example, the discussion contemplated 
one user using movements to change audio being played in 
order to create new audio. In other embodiments, multiple 
users can concurrently use movements in order to generate 
the new audio (or other content). In one example, one user 
will be designated the main user. The base track for the Zone 
the main user is standing in will be the base track played. Each 
of the other users standing in other Zones will have stems 
added or Subtracted to based on those other users entering 
collision volumes. Various effects can be performed based on 
each of the users performing the predefined motions in their 
collision Volumes. In one example, all users would turn on or 
off the same stems based on interaction with analogous col 
lision volumes. In other embodiments, each Zone will be 
associated with a different set of stems so that each user will 
turn on or off different stems in response to interaction with 
collision Volumes. In one embodiment, the designation of 
main use will change in response to a predefined motion, 
gesture or command. 
0093. In another embodiment, each base track for each 
Zone for each user can be played simultaneously. In another 
embodiment, only the main user need be in a Zone, and other 
users can affect the audio being generated by interacting with 
collision volumes for each user without the user being in the 
ZO. 

0094. In some implementations, the system can track the 
location movement of multiple users in a room and display an 
avatar for each user being tracked. Each avatar will move in 
coordination with the corresponding user being tracked. 
Thus, the system will automatically track movement and 
location of multiple users, and the automatically changing of 
the audio content being played includes automatically chang 
ing the audio content being played in response to and based on 
the tracked movement of multiple users such that different 
movements of different users changes the audio content being 
played in different ways. For example, step 510 of FIG. 12 
will include tracking the location movement of multiple 
users. Step 512 will include displaying multiple avatars for 
multiple users. Steps 520, 522,524,526, 528 and 530 can be 
performed concurrently for multiple users. 
0095. When the interactive content generation process is 
complete (step 518), the system can record the content cre 
ated. For example, the audio will be recorded and saved as an 
audio file in any format known in the art. Additionally, the 
associated video (e.g. the visual backgrounds implemented in 
step 508) can be saved in any format suitable for storing 
video. This saved content can then be distributed. For 
example, the can be provided on a social networking site or 
posted to a site (or channel) for similar content generation. 
For example, a service can be created that aggregates content 
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generated using the process of FIG. 12 from multiple sources 
and allows users to view content that has been generated by 
others. 
0096. In another alternative, the Internet (or other net 
work) can be used so that multiple entertainment consoles 10 
can work together to generate a single set of content. That is, 
the process of FIG. 12 can be performed for multiple users: 
however, the multiple users can be at different locations using 
different Entertainment Systems 10 that communicate with 
each other via a network (e.g. the Internet and/or local area 
networks). Each of the Entertainment Systems will include its 
own capture device 20 for determining which Zone the cor 
responding user is in and whether the user is interacting with 
a collision volume. One of the Entertainment Systems 10 can 
be identified as the master and will receive all the data in order 
to create the new content, display that new content to the local 
user and transmit that new content to the remote Entertain 
ment System for presentation to the remote user. 
(0097. Note that the order of steps depicted in FIG. 12 is not 
necessarily required. The various steps can be performed in 
other orders. Many of the steps of FIG. 12 can be performed 
concurrently. Additionally, many of the steps can be per 
formed continuously throughout the operation of the process 
of FIG. 12. 
0098. In another embodiment, the system allows one or 
more users to dance (or perform other movement) in front of 
capture device 20 to given music. While the one or more users 
are dancing, the systems captures and analyzes the movement 
(similar to the skeleton tracking described above). In 
response to tracking and understanding the users’ move 
ments, the system will build a control scheme that would best 
fit to drive the given music again. The system can use the same 
methodology to analyze video clips, etc. For instance, the 
system could train databased on a music video, thus requiring 
user to move like the dancing in the music video to create the 
appropriate output. 
0099. Although the subject matter has been described in 
language specific to structural features and/or methodologi 
cal acts, it is to be understood that the subject matter defined 
in the appended claims is not necessarily limited to the spe 
cific features or acts described above. Rather, the specific 
features and acts described above are disclosed as example 
forms of implementing the claims. It is intended that the 
scope of the invention be defined by the claims appended 
hereto. 

We claim: 
1. A method for audio content creation, comprising: 
playing audio content; 
automatically tracking movement of a user, including auto 

matically detecting predefined motion of the user; and 
automatically changing the audio content being played in 

response to detecting the predefined motion of the user. 
2. The method of claim 1, wherein: 
the predefined motion of the user includes a portion of the 

user entering a first collision Volume; 
the automatically changing the audio content includes 

automatically changing the audio content being played 
in response to detecting that the portion of the user 
entered the first collision volume; 

the playing audio content includes playing a base audio 
track; and 

the automatically changing the audio content being played 
includes adding a first audio stem to the base track and 
synchronized with the base track in response to detect 
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ing that the portion of the user entered the first collision 
Volume, the first audio stem is associated with the first 
collision volume. 

3. The method of claim 2, further comprising: 
automatically detecting that a portion of the user entered a 

second collision volume that is different than the first 
collision volume, the first collision volume and the sec 
ond collision volume are part of a plurality of collision 
Volumes, each collision Volume of the plurality is asso 
ciated with a different audio stem, a second audio stem is 
associated with the second collision Volume; and 

automatically changing the audio content being played by 
adding the second audio stem to the base track in 
response to detecting that the portion of the user entered 
the second collision Volume. 

4. The method of claim 3, further comprising: 
automatically detecting that a portion of the user entered 

the second collision Volume after changing the audio 
content being played by adding the second audio stem to 
the base track; and 

automatically changing the audio content being played by 
removing the second audio stem from the base track in 
response to detecting that the portion of the user entered 
the second collision Volume after changing the audio 
content being played by adding the second audio stem to 
the base track. 

5. The method of claim 2, further comprising: 
detecting predefined movement within the first collision 

Volume; and 
performing an effect on the audio content being played in 

response to detecting the predefined movement. 
6. The method of claim 2, further comprising: 
automatically detecting a location of the user, the base 

audio track is chosen from multiple audio tracks based 
on the detected location of the user. 

7. The method of claim 2, wherein: 
the base audio track is a portion of a song; and 
the first audio stem is sound from a Subset of instruments 

playing the Song. 
8. The method of claim 2, wherein: 
the base audio track is pre-recorded sound from a first 

instrument; and 
the first audio is pre-recorded Sound from a second instru 

ment. 

9. The method of claim 2, wherein: 
the base audio track is first sound from a synthesizer, and 
the first audio is second sound from the synthesizer. 
10. The method of claim 2, further comprising: 
automatically detecting which Zone the user is located in of 

a plurality of Zones, each Zone corresponds to a different 
base audio track, the playing the base audio track is 
performed in response to the automatically detecting 
which Zone the user is located in. 

11. The method of claim 1, further comprising: 
displaying visual content and changing the visual content 

in response to detecting the predefined motion of the 
user, the visual content are simultaneously generated by 
both the movements of the user and analysis of the music 
itself. 

12. The method of claim 1, wherein: 
the automatically tracking movement of the user is per 

formed using a depth camera. 
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13. The method of claim 1, wherein: 
the automatically tracking movement of the user includes 

automatically tracking movement of multiple users; and 
the automatically changing the audio content being played 

includes automatically changing the audio content being 
played in response to and based on the tracked move 
ment of multiple users such that different movement 
changes the audio content being played in different 
ways. 

14. An apparatus that creates audio content, comprising: 
a depth camera; 
a display interface; 
an audio interface; and 
a processor in communication with the depth camera, dis 

play interface and audio interface, the processor plays a 
first base audio track, the processor is programmed to 
automatically detect first predefined movement of a user 
from a plurality of predefined movements based on data 
from the depth camera, each predefined movement is 
associated with a different audio stem, the processor 
adds a first audio stem to the base track in response to 
detecting that the user performed the first predefined 
movement, the first audio stem corresponds to the first 
predefined movement. 

15. The apparatus of claim 14, wherein: 
the processor is programmed to automatically detect that a 

portion of a user performs a second predefined move 
ment based on data from the depth camera, the processor 
adds a second audio stem to the base track that in 
response to detecting that the user performed the second 
predefined movement, the second base track corre 
sponds to the second collision Volume. 

16. The apparatus of claim 13, wherein: 
the first predefined movement includes a portion of the user 

entering a first collision Volume of a plurality of collision 
Zone; and 

the processor detects predefined motion in a collision Vol 
ume using data from the depth camera and performs an 
audio effect on audio being played in response to the 
detecting of the predefined motion in the collision vol 
le. 

17. The apparatus of claim 13, wherein: 
the predefined movement includes any of a gesture, motion 

or a center of mass, movement of a limb. 
18. One or more processor readable storage devices storing 

processor readable code thereon, the processor readable code 
for programming one or more processors to perform a method 
comprising: 

defining one or more base tracks for a plurality of move 
ment Zones; 

identifying audio stems for a set of collision Volumes for 
each Zone; and 

creating code based on the defined one or more base tracks 
for the plurality of movement Zones and the indentified 
audio stems for the set of collision volumes for each 
Zone, the code capable of configuring a computing 
device to play the one or base tracks depending on which 
Zone a user is positioned, the code capable of configur 
ing the computing device to add or Subtract audio stems 
based on the user intersecting corresponding collision 
Volumes. 

19. One or more processor readable storage devices 
according to claim 18, wherein: 
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the method further comprises associating one or more 20. One or more processor readable storage devices 
audio effects with one or more predefined movements according to claim 18, wherein: 
within one or more of the collision volumes; and the method further comprises defining a customavatar; and 

the code is capable of configuring the computing device to the creating code includes providing a description of the 
perform the one or more audio effects in response to one avatar in the code. 
or more predefined movements within one or more of the 
collision volumes. ck 


